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ABSTRACT
 
Concentrations of polychlorinated biphenyls (PCBs) and metals were measured in the 
air at one background and three PCB-contaminated sites in the Crab Orchard National 
Wildlife Refuge. Total PCBs averaged 0.19 ng/m3, with higher total PCB concentrations 
observed during the summer 0.24 ng/m3, and lower total PCB concentrations observed in the 
winter 0.10 ng/m3• The Olin site (PCB-contaminated surface soils) reported an average total 
PCB concentration of 9.9 ng/m3, while the adjacent landfill site (PCB-contaminated deeper 
soils) reported an average total PCB concentration of 611 ng/m3• Within each site total PCB 
concentrations increased as air temperatures increased. PCB congener-specific determinations 
revealed a unique PCB signature for air above the landfill. The landfill signature confirmed 
that air samples collected at the background site were, from time-to-time (due to northwest 
winds), impacted by the PCB-contaminated landfill. The decrease in air concentrations 
between the landfill and background sites suggests that the dilution of PCBs in the air is 
rapid. The average background concentrations are well below all occupational standards and 
ambient air guidelines and show acceptable lifetime (70-year) inhalation cancer risks (3 to 6 x 
10-7). Airborne PCB concentrations monitored over the Olin and Landfill sites show greater 
risks. The air concentration of particulates and 18 metals, including many identified as soil 
contaminants, provide no indication of a local source of contamination. 
viii 
EXECUTIVE SUMMARY
 
The Crab Orchard National Wildlife Refuge is located north of the Shawnee National 
Forest in southern Illinois. The eastern section of the Refuge is used for manufacturing 
purposes and it is this section of the Refuge which has been placed on the U.S. 
Environmental Protection Agency (EPA) Superfund National Priority List for toxic waste 
cleanup. U.S.EPA has identified seven sites on the Refuge where concentrations of 
polychlorinated biphenyls (PCBs) and metals in the soil are found at significant levels. 
Air samples were collected from May 1990 to April 1991 at one background site and 
three of the contaminated sites: Area 9 Building Complex (hereafter referred to as the Olin 
site); Area 9 Landfill (hereafter referred to as Landfill site); and Fire Station Landfill 
(hereafter referred to as the Fire Station site). Background concentrations were monitored over 
the entire year, while the other sites were monitored for shorter periods (a few weeks). 
Airborne PCBs were collected for 24-hour periods using a modified high-volume air sampler, 
while metals were sampled for 24-hour periods using a dichotomous virtual impactor. 
Sample work-up procedures followed EPA method 608, with modifications for air 
samples. Congener-specific PCBs were quantified by gas chromatography/electron capture 
detection (GCIECD). Some qualitative confirmation of PCBs was provided by mass 
spectrometry using an ion trap detector. Total PCB concentrations are reported as the sum of 
30 congeners actually quantified for this study, and as the calculated sum of 80 congeners 
(subsequently reported as parenthesis values) based on a subset of samples analyzed by an 
independent laboratory. Metal determinations were made by x-ray fluorescence. 
Background total PCB concentrations averaged 0.19 (0.27) ng/m3, with higher total 
PCB concentrations observed during the summer 0.24 (0.34) ng/m3, and lower total PCB 
concentrations observed in the winter 0.10 (0.13) ng/m3• The background site showed elevated 
PCB concentrations with winds (northwest) blowing from the landfill (0.47 (0.66) to 0.5 
(1.19) ng/m3). The Olin site (PCB-contaminated surface soils) registered an average total PCB 
concentration of 9.9 (13.9) ng/m3, while the adjacent landfill site (PCB-contaminated deeper 
soils) registered an average total PCB concentration of 611 (856) ng/m3• Within each site total 
PCB concentrations increased with higher air temperatures. PCB congener-specific 
determinations revealed a unique PCB signature for the air monitored above the landfill. This 
unique signature did not exist in air samples collected at the Olin site, suggesting a more 
complete degradation of the higher chlorinated PCBs at that site. The landfill signature 
confirmed that air samples collected at the background site were, from time-to-time (with 
prevailing northwest winds), impacted by the PCB-contaminated landfill. 
The geographic extent of the landfill's influence on air quality is unknown beyond that 
of the background site, however, the decrease in air concentrations between the landfill and ­
background sites suggests that the dilution of PCBs in the air is rapid. The average 
background concentrations are well below all occupational standards and ambient air 
ix 
guidelines, as well as the Province of Ontario's 24-hour boundary air quality guide lines 
(acceptable levels outside the fenced area of concern). PCB concentrations measured over the 
Olin and landfill site exceed the most stringent state ambient air level (Massachusetts - 8.8 
ng/L) and approach the NIOSH occupational standard (1,000 ng/L) and CAPCOA noncancer 
chronic exposure levels. The PCB concentrations monitored at the background station 
(including those samples to which winds passed over the landfill) show acceptable lifetime 
(70-year) inhalation cancer risks (3 to 6 x 10-7). Calculated inhalation risks for air over the 
Olin and landfill sites are considerably greater (2 x 10-5 to 1 X 10-3, respectively). These 
calculations need to be carefully interpreted as both "hot spots" are fenced off and are not 
made assessable to the general public. 
The air concentration of particulates and 18 metals, including many identified as soil 
contaminants, gave no indication of a local source of contamination. Particulate concentrations 
(fine and coarse) were highest in the summer 29.3 I-lg/m3, and lowest in the winter 3.2 I-lg/m3• 
Spatial and temporal variability of particulate and metal concentrations could be attributed to 
changes in air masses, site exposure, and condition of the soil. These observed values were 
typical of a rural site in Illinois. 
x 
1. INTRODUCTION 
The Crab Orchard National Wildlife Refuge is located north of the Shawnee National 
Forest in southern Illinois (Figure 1). The eastern section of the Refuge is used for 
manufacturing purposes and it is this section of the Refuge which has been placed on the U.S. 
Environmental Protection Agency (EPA) Superfund National Priority List for toxic waste 
cleanup. A remedial investigation (RI) and a feasibility study (FS), under the supervision of 
the EPA, has identified seven sites on the refuge where polychlorinated biphenyls (PCBs) and 
metals in the soil are at levels that could pose health risks to humans and wildlife (O'Brien 
and Gere, 1988). The contamination has been attributed to industrial activity within the refuge 
from 1946 to the early 1970s. A number of industries remain active on the Refuge. 
The EPA is presently reviewing methodologies to cleanup the contaminated sites. The 
potential release of airborne metals and PCBs during the cleanup activities is a concern posed 
by a local citizens group (Crab Orchard Response Team) and it is this concern that prompted 
our research. There is also some concern over existing emissions, and the potential risk to 
wildlife, researchers and others working at the contaminated sites. Neither the RIfFS, nor any 
previous effort, has monitored airborne PCBs and metals at the Refuge. The objective of this 
research is to report levels of airborne PCBs and metals at the Refuge, for the period May 
1990 to April 1991, indicating background concentrations prior to cleanup activities. 
2. SAMPLING LOCATIONS 
A four-site air monitoring network was established and maintained on the Refuge. A 
permanent site was setup in an uncultivated field, approximately one mile southeast of the 
areas of serious contamination and down wind (southwest prevailing winds) from a potential 
incineration site at the cement reservoir (Figure 1). In addition, the permanent station was 
located just west of an inactive I-acre landfill containing 100 cubic yards of buried 
contaminated materials. The station was positioned so as to monitor background 
concentrations, and to possibly discriminate pollutant sources by wind sector analysis. 
Samplers and instrumentation included a dichotomous air sampler (for the determination of 
metals), a high-volume air sampler (for the determination of PCBs), an instrumented 
meteorological tower, and a recording rain gage. 
The remaining sites were sampled using a portable setup, instrumentation including a 
dichotomous air sampler, a high-volume air sampler, and a generator (where needed). The 
portable instrumentation was positioned to sample air at background and known contaminated 
sites (Figure 1) as listed below: 
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\ Figure 1. Study Area Showing the Location of Contaminated Sites and Monitoring Stations -- (l) 
Headquarters, (2) Fire Station, (3) Olin, and (4) Landfill. 
•	 Refuge Headquarters (hereafter referred to as Headquarters site). Samples 
were collected in an open area between the Refuge headquarters and Crab 
Orchard Lake. The site served as a second background site. 
•	 Fire Station Landfill· Site 29 (hereafter referred to as Fire Station site). This 
area is a large open field, previously used by Olin Corporation and more 
recently for the storage of mining machinery. The actual landfill is spread out 
along the eastern edge of the property. Lead, zinc, magnesium and mercury 
were the major contaminants identified by the RI. 
•	 Area 9 Building Complex· Site 33 (hereafter referred to as Olin site). The 
complex is currently occupied by Olin Corporation. From 1946 to 1962 it was 
occupied by Sangamo Weston, Inc. A section of the 13 acre compound is 
marked "off limits" because of high PCB levels within the soils. The portable 
station was located in a "hot spatH contaminated with PCBs within the marked 
off area. 
•	 Area 9 Landfill· Site 32 (hereafter referred to as Landfill site). This site is a 
2.5 acre inactive landfill used during the 1950s and 1960s for disposal of 
wastes from capacitor manufacturing operations at Sangamo Weston, Inc. The 
sampling site was located in a suspected "hot spot", as identified by the RI. 
Lead and PCBs were the major contaminants identified by the RI. The landfill 
site contains an estimated 36,000 cubic yards of contaminated materials, some 
at the surface. 
3. SAMPLE COLLECTION METHODS 
The objectives of the initial project did not originally include the analysis of the 
collected PCB samples (they were to be archived). Without the ability to verify our sampling 
methodology it was decided to follow closely a proven sampling protocol. The equipment and 
modifications used in this project for PCB sampling were first developed as part of the Green 
Bay Mass Balance Study and later as part of the Integrated Atmospheric Deposition Network 
- IADN (Sweet et at, 1992). The methodology followed for metal sampling is routine within 
the air sampling community and has been used by the authors at a number of sites (Vermette 
and Landsberger, 1991; Glover et aI., 1991; and Sweet et at, 1990). 
3.1. Sampling and Monitoring Equipment 
PCB samples were collected for 24-hour periods using a standard high-volume air 
sampler. The high-volume sampler is designed to sample air at the height of human 
respiration. The samplers were modified with an aluminum tube behind the filter holder and ­
ahead of the motor (Figure 2). This tube holds a stainless-steel cartridge containing an 
adsorbent. The standard motor was replaced with a 2-stage Lamb motor and a flow controller 
3 
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Figure 2. Modified High-Volume Air Sampler 
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to maintain a flow rate of 34 cubic meters per hour (m3/hr). Particles were collected on glass 
fiber filters (Whatman EPM 2000). Downstream from the particle filter vapor was collected 
on approximately 45 grams (g) of cleaned XAD-2 resin (2% cross-linked polystyrene, 16-50 
mesh, Rohm and Haas, Philadelphia, PA), held in place by a stainless-steel cartridge (8.7 cm 
in diameter and 4.4 cm thick). 
Metal samples were collected for 24-hour periods using an automatic dichotomous 
virtual impactor fitted with a PM lO inlet, and maintained at a flow rate of 1 m3/hr. This 
sampler collects only inhalable particles (particles less than 10 microns (f.lm) in diameter) and 
separates them into two size fractions: a fine particle fraction «2.5 !lm) and a coarse particle 
fraction (2.5 to 10 Ilm). Collection of fine and coarse airborne PMIQ particles helps to identify 
the type and distance of source(s) responsible for emitting the particles. High-temperature 
sources such as industrial stacks tend to emit fine PM lO particles which travel great distances, 
while mechanically generated particles from wind and vehicle suspension tend to be in the 
coarse fraction which settle-out more quickly. This distinction by particle size can help to 
discriminate between sources from within the Refuge, and those of other sources. To operate 
in the winter, a supplementary heater was installed in the filter chamber to maintain 
temperatures above freezing. Particles were collected on 37 millimeter (mm) diameter 
Teflon™ disks with a polyethylene support ring. The filters have an average pore size of 2.0 
J.!ffi. These filters collect all particles with diameters greater than 0.2 Jlm. 
Meteorological instrumentation was set up at the permanent site for the duration of the 
field project. This included a 12 ft meteorological tower instrumented with a wind vane, 
anemometer, humidity sensor, and thermocouple. Hourly measurements were calculated and 
recorded on a tape datalogger. A recording rain gage was also maintained at the permanent 
site. 
3.2. Sampler Calibration and Quality Control 
Calibration procedures followed manufacturer's recommendations. Flow rates for the 
dichotomous sampler were calibrated quarterly using a mass flow meter. A chart recorder 
verified operation of the sampler pump and cycling of filters. Flow rates for the PCB sampler 
were calibrated quarterly using a standard manometer. A digital timer verified operation of the 
sampler pump. Reference manometers were used as qualitative checks to verify normal 
operation between calibrations. Any filters for which the sampler did not operate properly 
(questionable flow rates and clock times), were discarded. The meteorological sensors were 
calibrated by the manufacturer and visibly inspected (check list) periodically by the site 
operator. 
To minimize contamination, the filters were positioned on a carrousel (for 
dichotomous sampler) and in the cartridge (for high-volume sampler) in a clean room at the 
Illinois State Water Survey (ISWS). The carrousel and cartridge were sealed when shipped ­
between the laboratory and field site. 
5 
PCB breakthrough for sampling equipment similar to that used in this project was 
evaluated during summer sampling at Green Bay, Wisconsin (Sweet et aI., 1992). Under flow 
rates and volume conditions similar to that used for this project, between 90 and 99 percent of 
the total PCBs were retained in the cartridge. This efficiency is independent of air 
concentration (Sweet, personal communication). Earlier studies have documented the 
collection efficiency of XAD-2 and the limited breakthrough «50/0) with air volumes double 
(ran twice as long) our normal operating protocol (MacKay et aI., 1983). A subsequent 
breakthrough study at Crab Orchard (air samples monitored six inches above the surface for 
24 hours) showed about 3 to 8% of the major peaks passed through the primary cannister 
(Hansen, 1993). 
3.3. Sample Handling And Identification 
On a laminar-flow bench the glass fiber filters were positioned in cartridges and 
wrapped in aluminum foil (to keep clean). Air cartridges were wrapped in aluminum foil and 
sealed in air-tight metal cans. Samples were enclosed in an ice chest (an ice pack was 
enclosed) were shipped between the laboratory and field site by United Parcel Service (2 day 
travel time). The TeflonlM filters were loaded into a sealed carrousel and transported to and 
from the field site by automobile. After processing at the laboratory, the glass fiber filters and 
resin samples were stored in air tight containers at -18°C. The Teflon™ filters were stored in 
air-tight petrislides™ at room temperature. All samples were stored at the ISWS prior to 
metals analysis or PCB extraction. The Teflon™ filters were stored at NEA/Keystone for 
metals analysis and returned to the ISWS. Samples extracted for PCB analysis were stored at 
the Hazardous Materials Laboratory (HML), then returned to the ISWS. 
For the PCB determinations, collected samples were labelled by letter and number 
designation, indicating the sampling site and the date sampling began [i.e. COWT061990, 
sample collected at Crab Orchard (CO) permanent site (WT) beginning 19 June 1990 
(061990)]. The site legend is described below: 
COWT Permanent Site 
COHQ Headquarters Site 
COFS Fire Station Site 
COOL Olin site 
COLF Landfill Site 
For the metal determinations, filters were labelled by a Crab Orchard identifier (CO) and a 
sequential number. 
6
 
4. ANALYTICAL METHODS
 
4.1. PCB Work-up Procedures 
Our sample work-up procedures followed EPA method 608, with modifications for air 
samples as reported by IADN and documented by our laboratory (Willett and Basu, 1992). 
The collection media were cleaned prior to exposure in the field. The resin was first 
rinsed with deionized water to remove salts, water-soluble contaminants and finer XAD-2 
particles. The water-rinsed resin was then extracted in a Soxhlet apparatus for 7 days using 
pesticide-grade solvents (Figure 3). The XAD-2 resin was cleaned to remove salts and organic 
compounds that could interfere with the sample analysis. 
A sample analysis flow chart is shown in Figure 4. The exposed XAD-2 resin and 
filters (collected samples) were removed from the freezer and allowed to reach ambient 
temperature. The XAD-2 resin and filter were carefully placed into a Soxhlet extractor, and 
each COWT, COHQ and COFS sample was spiked with 100 microliters (fll) of a PCB 
surrogate standard (congener 65 at 5.37 nanograms (ng), and congener 166 at 5.04 ng), and 
each COLF and COOL sample was spiked with a standard of higher concentration (#65 at 
4020 ng, and #166 at 1440 ng). These standards were used to calculate recoveries. The XAD­
2 and filter were extracted with a 1: 1 mixture of hexane and acetone for 24 hours. The 
extraction liquid was concentrated to approximately 2 mL by rotary evaporation, then 
underwent a final solvent exchange to hexane. 
The concentrated extract was chromatographed through a 3% water de-activated silica 
slurry in hexane to remove non-target, interfering compounds. Three fractions were eluted. 
The first hexane fraction contained the PCB congeners and were concentrated by rotary 
evaporation. Each fraction was transferred to amber vials, with the second and third fractions 
archived to preserve for possible future study. The first fraction of the COWT, COHQ and 
COFS samples were concentrated to 3-4 milliliters (mL) by rotary evaporation, and further 
concentrated to approximately 0.8 mL by N2 blow down. A further concentrating of samples 
COOL and COLF was not required because high PCB concentrations were anticipated. 
Internal standards, used to quantify PCB peaks as measured on the gas 
chromatograph (GC), were added to a premeasured amount of extract. Concentrations of the 
standards were the same for each sample (congener 30 = 30 ng/mL; congener 204 = 15 
ng/mL). The samples were transferred to a capped vial for GC analysis. 
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Figure 3. Flowchart of XAD-2 Cleaning Procedure 
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Figure 4. Sample Analysis Flowchart 
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4.2. PCB Analysis Methods 
4.2.1 Instrument Conditions 
The PCBs in the prepared extracts were quantified by gas chromatography/electron 
capture detection (GCIECD). Some qualitative confirmation of PCBs in the sample extracts 
was provided by mass spectrometry using an ion trap detector. A 2 J.lL aliquot of sample 
extract was introduced into a septum-equipped programmable injector held at 40°C. The 
injector was rapidly heated (180°C/min) to 280°C while the GC column oven was held at 
80°C for 2 minutes followed by oven temperature programming at 2°C/min to 280°C. The GC 
column was fused silica, 30m x 0.25mm with a 0.25 1.1. film of 5% phenyl-methyl silicone. 
The exit end of the GC column was fitted with a fused silica Y-connector that allowed the 
effluent to be split between the ECD and the mass spectrometer. The BCD was maintained at 
305°C. Mass spectrometry data acquisition was in the electron impact (EI) mode~ scanning the 
mass range from 120 to 470 amu. The ion trap manifold temperature was set at 280°C. 
4.2.2 Instrument Calibration 
Linear, multi-level calibration plots for selected PCB congeners were generated from 
Ultra-Scientific PCB stock standards. The standard concentrations used in the multi-level 
calibration are listed in Table Al (see Appendix A). The ratios of concentrations among 
congeners were chosen based on a preliminary quantitation effort using sample COLF 100590 
against a standard used by the ISWS in the Green Bay Mass Balance Study (Sweet et aI., 
1992). For co-eluting congeners, the amounts listed in Table Al represent the sum of equal 
amounts of each congener in the standard (e.g. congener 5+8 at the calibration point 20 ng/L 
equals 10 ng/mL of congener 5 and 10 ng/mL of congener 8). 
4.2.3. Confirmation of PCBs 
PCBs were confirmed in all COLF and COOL samples by full scan mass 
spectrometry. Due to their extreme low levels, confirmation of PCBs in the COWT, COHQ, 
and COFS samples was limited to retention time match up between the PCB GCIECD peaks 
from the standard and the PCB GCIECD peaks in the sample. 
4.2.4. Interferences 
PCB analysis of ambient air samples is notoriously difficult because of their low levels 
in the presence of sometimes high concentrations of other compounds. Silica column 
chromatography separates many of these compounds and the electron capture detector is an 
extremely sensitive detector and somewhat selective towards polychlorinated compounds. 
Interferences are possible, however, especially when the sample background is high. 
Polychlorinated napthalene contamination was found in air samples collected over the landfill 
and influenced the selection of congeners for quantitation purposes. GC/MS Reconstructed Ion 
Chromatogram showed extremely high chlorinated hydrocarbon interferences for some of the 
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background samples, and was likely a source of positive bias for the congener 65 recovery 
standard. PCB values for samples where the congener 65 recovery standard was reported high 
might also be considered to be positively biased (high), and thus these samples were deleted 
from the data base. Unfortunately this resulted in the loss of all the COHQ and all but one of 
the collected COFS samples. 
Congener 30, the internal standard generally used for PCB quantitation, was subject to 
a trichloronaphthalene interference. Congener 204, which elutes later was substituted as the 
internal standard. 
Co-eluting PCBs are reported as a range of values based upon the possibility of the 
one chromatographic peak representing only a single congener which would have its own, and 
sometimes distinctly different, response factor on the ECD. Prior to sample analysis, response 
factors for each congener of a co-eluting pair were generated. In calculating total PCBs both 
of the co-eluting PCBs were treated as possibly occurring and the reported range was 
averaged. 
4.3. Blanks and Replicate Analysis for PCBs 
Every effort was made to duplicate the IADN protocol for workup and thus allow us 
to take advantage of the IADN QAlQC evaluations (Sweet et aI., 1992; IADN, 1993). This 
included training from IADN personnel, use of the same laboratory (DI water, glassware 
cleaning, etc.), and use of similar equipment and expendable supplies (rotary evaporator, 
Soxhlet apparatus, solvents, glassware, etc.). 
QC checks included solvent blanks, XAD-2 resin blanks, spike recoveries, travel and 
field blanks, and duplicate and comparative analyses. 
• Solvent blanks (hexane) were spiked with internal standards in the manner of 
all other samples and analyzed in each sample set to verify low PCB 
background of the solvent used for dilution of the COOL and CaLF samples, 
and to define the PCB background of the analytical system. Of all reported 
congeners background levels for both the solvent and the analytical system 
were found to be below the minimal levels detectable by the instrument. See 
Table A2 in Appendix A. 
• XAD..2 blanks not only provide a check on the quality of the XAD-2, but 
having gone through the entire analytical workup, provide a check on the 
laboratory protocol. Although measurable quantities of some congeners were 
reported, their levels are minimal compared to what is extracted from 
background field samples. See Table A2 in Appendix A. 
• Travel blanks were used to monitor contamination of the filter and resin from 
handling. Travel blanks were treated as normal samples, with the exception that 
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they were not placed on the samplers. Most reported congeners had essentially 
immeasurable values, showing no additional contamination to the XAD-2 
blank. See Table A2 in Appendix A. 
•	 Field blanks (filter and resin) were routinely placed on the sampler to measure 
passive deposition (contaminants collected without the sampler operating). Most 
target congeners showed essentially immeasurable values. See Table A2 in 
Appendix A. 
•	 Spike Recoveries were used to monitor sample loss during the elaborate 
sample workup. Samples were spiked with a known concentration of two PCB 
congeners (#65 and #166) early in the sample workup and recoveries 
determined with sample quantitation. Recoveries between 40 to 150 percent 
were deemed acceptable -- samples beyond this range were rejected. Average 
recoveries were 97% (congener 65) and 91 % (congener 166). 
•	 A replicate analysis was conducted to test the variability of our measurement 
system. Due to the limited amount of extract provided only one replicate was 
analyzed. Replicate values are reported as relative percent difference and show 
reasonable agreement (Table A3 in Appendix A). 
•	 A comparative analytical run was made between the HML GC and the GC 
used by IADN. This test provided a measure of the accuracy of our 
measurement system in relation to an independent analytical system. 
Comparative values are reported as relative percent difference and show 
agreement comparable to the replicate analysis (Table A3 in Appendix A). 
4.4. Metals Work-up Procedures 
Filters were equilibrated for 24 hours at 50 percent relative humidity before weighing. 
All filter handling and weighing was done in a clean room on a laminar flow clean bench. 
Using a Cahn microbalance, the precision (standard deviation) of duplicate weighings is ± 5 
J1g. The filters were packaged in sterile plastic holders (PetrislidesTM) to ensure sample 
integrity during transport. 
4.5. Metals Analysis Methods 
Trace element determinations were made by KeystonelNEA, Inc. (Beaverton, OR) 
using x-ray fluorescence (XRF) analysis. XRF is a non-destructive analytical technique ideally 
suited for the determination of a suite of elements on Teflon™ filters. The XRF analyses were 
carried out using an ORTEC TEFA III energy dispersive analyzer. Each filter was analyzed 
three times in each of three different excitation conditions, optimizing the sensitivity for 
specific elements. Filter blanks were analyzed and an average blank spectrum was used as a 
background subtraction for each sample filter. Sample data were corrected for spectral 
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interferences, particle size, and deposit absorption effects by the analytical laboratory. 
Measured masses were also corrected for dichotomous sampler error according to the formula 
supplied by the instrument's manufacturer. 
4.6. Blanks and Replicates for Metals 
Keystone/NEA's laboratory uses a well-established, validated standard operating 
procedure (SOP), an x-ray analysis QA plan, and validated standards. The SOP has been 
validated through numerous interlaboratory and intermethod comparisons including an EPA 
certification of XRF calibration films. As part of their QAlQC procedures the laboratory runs 
filter blank and replicate analysis. Reported values are essentially immeasurable. Tables A4 
and A5 (Appendix A) contain the blank and replicate data from KeystonelNEA. All values 
fall within the acceptable limits for the project. 
The shipment of the filter samples and performance of the laboratory were evaluated a 
number of ways by the ISWS. To determine possible loss of material from the filters during 
shipment, 50 Teflon™ filters were reweighed after shipment and XRF analysis. No change in 
the mass on the filters carrying fine particles could be detected. In some cases, a loss of 
coarse particles was measurable but this amounted to no more than 10 percent of the total 
deposit (Sweet and Vermette, 1990). The laboratory performed well in a ISWS round-robin 
evaluation (Vermette and Williams, 1989). For this project a subset of previously analyzed 
filters was resubmitted blind to the laboratory for reanalysis. The reported values are 
comparable to the original analysis, showing a variability similar to the replicates (see Table 
A5 in Appendix A). 
5. RESULTS AND DISCUSSION 
5.1. Total Airborne PCBs 
5.1.1. Background Site 
Between 1990 and 1991,40 air samples were collected at the permanent site to 
determine background air concentrations of PCBs (hereafter referred to as the Background 
site). Twenty of the collected air samples were analyzed for PCBs concentrations, with 14 
being suitable for interpretation -- no significant analytical interferences (see Table Cl in 
Appendix C). A summary breakdown of the analyzed samples by season is presented in Table 
1. PCB concentrations are presented as a total of the 30 selected congeners (from this study), 
and also multiplied by an adjustment factor (x 1.4) to account for a total of 50 additional 
congeners as determined by an independent analysis of a subset of samples by the IADN 
laboratory (see Appendix B for a description of the calculation method). Multiplication by the 
adjustment factor provides for comparisons with other studies and provides a more complete­
measure of total concentrations. Thus, total PCBs are reported first as the 30 congener total 
and second as the 80 congener total (in parenthesis). Using either number, the results in 
13 
Table 1 show that there is a temperature dependence with highest concentrations measured in 
the summer months. Plotting total PCB concentrations in air versus average daily 
temperatures (Figure 5), shows a significant positive correlation. Concentrations appear 
highest with temperatures above 60 to 70°F. This temperature dependence is not surprising 
(Hermanson and Hites, 1989; Hoff et aI., 1992) since PCB emissions are affected by their 
volatility from surface materials (i.e. soil). Higher concentrations may also be attributed to the 
greater dispersion of PCB-laden dust during hot and dry periods. 
Table 1. Average Total PCB Air Concentrations Monitored at the Background Site 
Season N 30 Congener Total 
mean ± S.D. 
(ng/m3) 
80 Congener Total 
mean ± S.D. 
(ng/m3) 
Annual 
No Landfill Influencel 
14 0.32 ± 0.23 
0.19 
0.45 + 0.32 
0.27 
Summer 
No Landfill Influence l 
7 0.46 ± 0.24 
0.24 
0.64 + 0.34 
0.34 
Winter 3 0.10 + 0.04 0.13 + 0.06 
lSee Text 
An analysis of wind directions during sampling indicated that 4 of the 14 samples (the 
four highest concentrations as shown in Figure 5) were collected after the air had passed over 
the landfill (northwest winds). If these 4 samples are removed from the background site data 
base the annual and summer concentrations were 0.19 (0.27) ng/m3 and 0.24 (0.34) ng/m3, 
respectively. 
The background PCB concentrations were then compared with total PCB 
concentrations measured at other sites (out of state), removed from known local sources of 
PCB contamination (Table 2). Comparisons between studies are problematic as ambient PCB 
levels may be declining since the U.S. production ban in 1977. In addition "total PCBs" may 
inadvertently include 'other' compounds (this is especially true of earlier studies), they may 
depend on the individual congeners chosen for summation, they may depend on the season 
the samples were collected, and they may depend on geography (remote vs. rural vs. urban 
sites). For example, a compilation of reported values by Ritts (1992) for dates 1979 to 1988 
show a range of mean annual concentrations in the United States between 0.44 and 40 ng/m3• 
Given the uncertainties with the measurements of other studies, we chose to limit our 
comparison to the most recent studies (1990s) using methodologies similar to our own. It is ­
evident that the average background concentrations at Crab Orchard are similar to 
concentrations measured at these other background sites. 
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Table 2. Comparison With Other Background Sites 
Site Annual 
(ng/m3) 
Summer 
(ng/m3) 
Winter 
(ng/m3) 
Crab Orchard1 0.19 (0.27) 0.24 (0.34) 0.10 (0.13) 
Southern Ontario2 0.19 --­ ---
Point Petre, Ontario3 0.19 0.29 0.10 
Bermuda4 0.62 --­ ---
Green Bay, WI5 0.30 --­ ---
Fort Loudoun, TN6 0040 0.60 0.20 
1 This study 
2 Hoff et aI., 1992 
3 Sweet, 1992 
4 Hites, 1990 
5 Sweet et al., 1992 
6 Parkhurst et aI., 1992 
5.1.2. Olin and Landfill Sites 
In September and October 1990, 12 air samples were collected at the Olin and Landfill 
sites, areas with known PCB soil contamination. Eight of the collected air samples were 
analyzed for PCB concentrations (see Appendix C). Subsequent work at the landfill has 
shown soil concentrations of PCBs ranging from 2 to 3 percent at the sampling site (Hansen 
et aI., 1993). The average air concentrations are reported in Table 3. The average air 
concentrations at both sites were higher than those sampled at the background site. The 
concentrations at Olin ranged from a low of 3.7 (5.2) ng/m3 to a high of 17.9 (25.1) ng/m3• 
The landfill site air concentrations were 764 (1070) ng/m3, 685 (959) ng/m3, and 384 (538) 
ng/m3• The PCB levels of the first two Landfill samples can be attributed, in part, to the high 
temperatures during sampling (95 and 97°P), while the third sample was collected at an 
average air temperature of 64°P. Similar relationships have been shown for other PCB­
contaminated landfills (Lewis et al 1985). 
16
 
Table 3. Average Total PCB Air Concentrations Monitored at the Olin and Landfill Sites 
Sites N 30 Congener Total 80 Congener Total 
mean± S.D. mean ± S.D. 
(ng/m3) (ng/m3) 
Olin 5 9.9 ± 4.9 13.9 + 6.9 
Landfill 3 611 ± 164 856 + 229 
A literature review was conducted to compare the Olin and Landfill air concentrations 
with those measured at other landfill sites (Table 4). With the exception of the Neal's Landfill 
(Bloomington, IN), PCB concentrations at the Crab Orchard Landfill site were comparable or 
higher to the other landfills. 
Table 4. Comparison With Other Landfill Sites 
Landfill Sites Total PCBs (ng/m3 ) 
Crab Orchard (lL) 1 611 (856) 
Neal's Landfill (INf 8,650 
New Bedford (MA)3 446 , 400-1300 
Sullivan's Ledge (MA)4 260 
Ontario, Canada Landfi1l5 2407 
1 This Study
 
2 Hermanson and Hites, 1989
 
3 Mackay et aI., 1983
 
4 MDPH, 1989
 
5 Hosein et aI., 1987
 
6 Samples taken upwind of the main work area.
 
7 Samples taken during cleanup activities.
 
The air samples collected by the high-volume sampler were taken at a height of 180 
cm (height of human respiration). Wildlife inhalation exposure is likely significant nearer the 
surface of the landfill. Hermanson and Hites (1989) sampled a vertical gradient at a PCB 
contaminated landfill and found that PCB concentrations increased nearer the surface. This is 
reasonable since the landfill is a source of PCBs and that the concentrations decrease with 
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reasonable since the landfill is a source of PCBs and that the concentrations decrease with 
height because of dilution in the surrounding air (increasing wind speeds). Applying their 
vertical gradient as a model for the Crab Orchard Landfill site and using the high-volume 
measurements as a reference point, PCB air concentrations at 120 em, 60 em, 30 em and 2 
em over the landfill can be calculated (Table 5). The model calculations show a rapid 
increase in total PCB concentrations as one approaches the landfill surface. Subsequent 
sampling (one hour samples at different heights) indicated that samples taken 90 em from the 
surface trapped only about 15% of the PCBs seen at 15 em (Hansen, 1993). As with the 
modeled calculations, measured PCB concentrations increase as one approaches the surface, 
however, the measured increases appear to be only about a fifth of the modeled values. 
Table 5. Height Dependent Modeled Total PCB Concentrations 
Height 
(em) 
30 Congener Total 
(ng/m3 ) 
80 Congener Total 
(ng/m3) 
180 611 1 856 
120 892 1249 
60 2524 3534 
30 13,251 18,551 
2 50,354 70,496 
1Measured concentration (average of 3 samples) 
5.2. Congener-Specific PCBs 
The data in Tables 6 and 7 show the average congener-specific PCBs for the 
background site (annual, summer and winter), the Olin site, and the Landfill site. 
Determinations for the individual samples are listed in Appendix C. The individual congeners 
show a ranking similar to the total PCBs, in that the background site has the lowest air 
concentrations of PCBs and the landfill site has the highest. 
Recognizing that total PCBs describe a group of compounds, examination of the 
individual congeners can reveal useful information on the configuration and source of the 
PCBs. The toxicity of PCBs varies by congener. Of the congeners sampled, numbers 74, 
28+31,91, and 52 are considered the most toxic -- ranked 14th to 21st out of 106 congeners 
(Crump and Shipp, 1990). Of these congeners numbers 28+31 and 52 are the most abundant 
in the air at all three Crab Orchard sites. The more toxic congeners could not be quantified at 
Crab Orchard. 
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Table 6. Congener-Specific PCB Background Air Concentrations (values are in ng/m3) 
Congener 
No. 
Annual 
mean ± S.D. 
N=14 
Summer 
mean + S.D. 
N=8 
Winter 
mean + S.D. 
N=5 
5+8 0.018 ± 0.018 0.029 + 0.019 0.005 + 0.002 
18 0.024 + 0.010 0.031 + 0.007 0.013 ± 0.005 
16+32 0.009 ± 0.009 0.016 + 0.007 0.002 ± 0.002 
28+31 0.046 ± 0.031 0.063 + 0.030 0.021 + 0.010 
22 0.009 ± 0.006 0.013 + 0.005 0.003 + 0.002 
52 0.032 ± 0.022 0.043 + 0.023 0.014 + 0.008 
49 0.025 ± 0.035 0.042 + 0.043 0.007 + 0.003 
44 0.017 ± 0.013 0.022 + 0.016 0.011 + 0.004 
74 0.006 + 0.006 0.009 + 0.006 0.002 + 0.001 
70+76 0.014 ± 0.015 0.022 + 0.016 0.004 + 0.003 
91 0.004 ± 0.003 0.005 + 0.003 0.001 ± 0.001 
56+60 0.007 ± 0.007 0.010 ± 0.008 0.002 + 0.001 
92 0.005 ± 0.005 0.008 + 0.005 0.002 + 0.001 
84 0.030 ± 0.018 0.043 + 0.016 0.018 + 0.006 
101 0.029 ± 0.025 0.039 + 0.028 0.014 + 0.009 
97 0.007 + 0.008 0.010 + 0.009 0.002 + 0.001 
87 0.010 + 0.014 0.015 ± 0.017 0.003 ± 0.002 
110 0.020 + 0.024 0.029 + 0.028 0.007 + 0.005 
153 0.010 + 0.007 0.014 + 0.009 0.005 + 0.002 
132 0.004 + 0.004 0.006 + 0.004 0.001 + 0.001 
105 0.005 ± 0.006 0.008 + 0.007 0.001 ± 0.001 
138+163 0.009 ± 0.009 0.012 ± 0.010 0.003 + 0.003 
129+178 0.002 + 0.003 0.003 + 0.003 0.001 + 0.001 
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Table 7. Congener-Specific Olin and Landfill PCB Air Concentrations (values are in ng/m3) 
Congener No. Olin Site 
mean ± S.D. 
N:::5 
Landfill Site 
mean ± S.D. 
N=3 
5+8 0.142 ± 0.079 0.805 + 0.450 
18 0.451 + 0.213 8.475 ± 3.612 
16+32 0.489 ± 0.274 20.482 + 8.135 
28+31 2.180 ± 0.836 85.685 ± 25.752 
22 0.354 ± 0.178 16.435 + 5.454 
52 1.482 ± 0.863 95.795 ± 16.741 
49 0.587 ± 0.324 37.684 ± 9.590 
44 0.598 + 0.334 39.915 ± 10.425 
74 0.248 ± 0.108 15.942 ± 3.779 
70+76 0.543 + 0.286 32.487 ± 21.034 
91 0.118 + 0.069 11.739 ± 2.364 
56+60 0.244 ± 0.111 13.648 + 3.540 
92 0.132 + 0.082 13.966 + 3.809 
84 0.178 ± 0.089 14.927 ± 5.318 
101 0.727 ± 0.418 62.264 ± 11.896 
97 0.186 ± 0.110 19.091 + 5.010 
87 0.272 + 0.149 25.045 ± 5.310 
110 0.568 + 0.332 55.117 + 12.939 
153 0.136 ± 0.095 12.186 ± 3.085 
132 0.063 + 0.035 7.708 + 2.411 
105 0.059 + 0.033 7.692 + 2.520 
138+163 0.130 + 0.077 12.932 ± 3.967 
129+178 0.011 + 0.005 1.263 + 0.401 
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The relative proportion of different homolog groups (PCB congeners with the same 
number of chlorine atoms) in air is strikingly similar between independent studies (Figure 6). 
The trichlorobiphenyls (TRI) are the most abundant homolog group, followed by the 
tetrachlorobiphenyls (TETRA), the pentachlorobiphenyls (PENTA), etc. These proportions are 
typical of atmospheric 'aged' or weathered PCBs, where environmental cycling (greater 
volatility of low chlorinated congeners and dechlorination in anaerobic environments) have 
produced a similar atmospheric signature. 
A comparison of congener-specific PCBs between the three Crab Orchard sites and a 
site in Egbert, Ontario (hereafter referred to as the Ontario site) is illustrated in Figures 7 to 
9. While the PCB concentrations are obviously higher at the Olin and landfill sites (note 
different scales on figures), the proportions between the homolog groups show similarities 
with the Olin site and some dissimilarities with the landfill and background and sites. 
The airborne PCBs at the Olin site show a similarity with the Ontario site (Figure 7). 
This is conceivable as contamination was restricted to surface materials (i.e., spills from 
loading docks). Apparently, 30 years of exposure have weathered the PCBs to such a degree 
that the emissions are similar to the Ontario site or well 'aged' PCBs. An analysis of wind 
directions confirms that the Olin site was not influenced by air from the landfill during the 
sampling periods. 
For the landfill site, the greater proportion of high-chlorinated PCB congeners in the 
air samples may better reflect the original ArocIor mixture, suggesting a 'fresher' source of 
PCBs (Figure 8). This is conceivable as the PCBs are mixed through a deep layer of debris 
and the buried PCBs have not been exposed and thus have not undergone the degree of 
weathering as with the other sources. This is not to say that some form of anaerobic 
degradation of the original ArocIor mixture has not occurred. The congener-specific 
information for air samples collected over the landfill provides a unique signature for the 
Crab Orchard landfill. 
The congener-specific proportions at the background site are dissimilar to the Ontario 
site (or 'aged' PCBs) but are somewhat similar to the air sampled at the Landfill (Figure 9). 
A previous analysis of wind direction during individual sampling periods showed that 4 of the 
14 samples were collected during periods when air is suspected of having passed over the 
Landfill site prior to reaching the background site (due to northwest winds). To corroborate 
this with the congener-specific data, the four samples were removed from the data base and 
the relationship replotted (Figure 10). The new plot shows a similarity with the Ontario site or 
'aged' PCBs, suggesting that the landfill site influenced air concentrations sampled at the 
background site. While the measured concentrations (0.47 (0.66) ng/m3 to 0.85 (1.19) ng/m3) 
are orders of magnitude lower than air concentrations sampled over the landfill, they are 2 to 
4 times higher than the summer background concentrations associated with other wind 
directions. 
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5.3 Risk Assessment 
The geographic extent of the landfill's influence on air quality is unknown beyond that 
of the background site. However, the decrease in air concentrations between the landfill and 
background sites, and the findings of others (Hermanson and Hites, 1989; Hosein et aI., 1987) 
suggests that the dilution of PCBs in the air is rapid. 
In order to assess whether exposure to PCBs at the Crab Orchard Landfill is 
hazardous, a listing of air quality standards, guidelines, and ambient air levels (AAL) was 
assembled (Table 8). The average background concentrations are well below all occupational 
standards and guidelines, as well as the Province of Ontario's 24-hour boundary air quality 
guidelines (acceptable levels outside the fenced area of concern). Olin air concentrations were 
well below occupational standards and guidelines but did exceed the lowest AAL as 
promulgated in Massachusetts (3 of the 5 individual samples exceed the lowest AAL). The 
mean landfill concentrations were also below occupational standards or guidelines; however, 
they did approach the National Institute for Occupational Safety and Health (NIOSH) 
guidelines, the CAPCOA noncancer acceptable chronic exposure levels (acute levels not 
available), and they did exceed the lowest AAL. One of the 24 hour individual samples 
(COLF090790) may have exceeded the NIOSH guidelines with a monitored concentration of 
1070 ng/m3 (80 congener total). 
Table 8. Comparisons With Total PCB Air Concentration Standards and Guidelines 
PCB Air Standards Concentration (ng/m3) 
OSHA (8 hour)l 1,000,000 
Province of Ontario Worker 
Exposure (8 hour)2 
50,000 
NIOSH (8 hour)3 1,000 
Acceptable Exposure Level4 1,200 
Province of Ontario Boundary Exposure (24 hour)2 150 
State Ambient Air Levels 
(24 hour)5 
8.1 to 28,700 
1 Occupational Safety and Health Administration 
20ME, 1985 
3 National Institute for Occupational Safety and Health 
4 Noncancer Acceptable Chronic Exposure Levels (CAPCOA, 1991) 
5 Lowest (Massachusetts) to highest (New York) state ambient air levels; Calabrese 
and Kenyon, 1991. 
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An estimation of cancer risk attributable to inhalation of PCBs is possible. A great 
deal of uncertainty is associated with the process of risk assessment. It should be recognized 
that the imprecision of presently available technology provides only a rough estimate of risks 
to humans at low levels of exposure The reported risk values are embedded within a 
probability distribution (the probability of contracting a cancer due to exposure of PCBs at 
Crab Orchard). Generally a risk of one-in-a-million (1 x 10-6) is considered acceptable, as this 
risk is comparable to deaths associated with diseases or risk taken for every 300 miles driven 
in a car or the risk of cancer from smoking 1.4 cigarettes (Crouch and Wilson, 1982). Risks 
are calculated for a 70 kg man exposed to the pollutant for a period of 70 years. The 
calculated risk is designed to error on the side of health protection. It is unlikely that a 
reported risk would be greater than calculated, but it could be considerably lower. 
For inhalation, cancer risk is calculated using a unit risk factor as reported by the 
Reproductive and Cancer Hazard Assessment Section in the Department of Health Services 
(CAPCOA, 1992) and ground level air concentrations (this study): 
Risk (inhalation) = GLC x Unit Risk (1.4 x 10.3) 
The PCB concentrations monitored at the background station (including those samples to 
which winds passed over the landfill) show acceptable risks (3 to 6 x 10-7), whereas the Olin 
and landfill sites show unacceptable risks (2 x 10-5 to 1 X 10.3, respectively). 
5.4 Airborne Metals 
5.4.1 Background Site 
Between 1990 and 1991, 152 air samples were collected at the background site for the 
determination of metals. Thirty-eight of the collected air samples were analyzed for a suite of 
metals, including As, Cd, Cr, Cu, Fe, Mn, Pb, Se, and Zn, which have been identified as 
contaminants at the Crab Orchard sites. Unfortunately insufficient mass was collected on the 
filters resulting in a number of determinations reported as below detection (especially during 
the winter months). The elements most affected (> 500/0 of the determinations) are As, Br, Cd, 
Ni, Se, and V. For Cd all of the determinations were reported as below detection. A subset of 
three filters was sent to the University of Illinois Department of Nuclear Engineering to 
determine Cd values by neutron activation analysis (NAA). Thus, the reported Cd values are 
calculated from only three samples. 
A summary of the analyzed samples and comparison with another site (rural 
Champaign County), is presented in Table 9. Given the distance between sites and sampling 
dates, the comparison shows reasonable agreement. Of the elements listed as contaminants 
only Cd shows heightened levels at the background site. The Cd concentrations are more 
typical of an urban environment (Vermette and Landsberger, 1991). However, it is difficult to 
determine if there is a source of Cd at Crab Orchard given that the background average is 
based on only three samples. 
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Table 9. Particle Mass and Metal Air Concentrations Monitored at the Background Site and 
Compared With a Central Illinois Site (particulate concentrations are in flg/m3, metal 
concentrations are in ng/m3) 
Parameter Background Site Central IllinoisI 
Fine Coarse Fine Coarse 
Particulate 13±12 5±8 16+6 11+10 
Al 122±260 312±614 96+57 338+527 
As2 0.7±0.2 0.4±0.2 0.8+0.4 0.5+0.3 
Br 1.4±0.9 0.4±0.2 4.3+2.4 0.7+0.5 
Ca 44±69 212±330 52+62 390±347 
Cd2 3.1±0.2 3.3±0.3 1.4±0.6 0.6+1.1 
Cr2 0.5+0.4 0.7±0.6 0.7±OA 1.2+1.2 
Cu2 3.2±4.5 1.4±1.6 2.7+2.1 2.7+5.3 
Fe2 72±159 158±325 53+31 180+189 
K 63+76 89±125 59+28 107+122 
Mn2 1.0+0.6 2.1±2.1 3.5+1.8 6.4+5.2 
Ni O.8±1.4 1.7±2.9 4.6+22 0.7+0.5 
Pb2 6.4±6.0 2.1±1.0 18+11 1.5+1.3 
S 1911±2086 184±163 1791+845 219±254 
Se2 1.3±0.7 O.2±0.07 1.8+1.1 0.3+0.2 
Si 224±545 766±1484 178+156 1325+2392 
Ti 10±22 24±45 4.3±3.5 20+29 
V 0.9±1.0 0.7±0.9 0.8±O.4 1.2+1.4 
Zn2 9.1±8.9 3.7±3.5 20+10 9.5±9.2 
ISamples collected at a rural site near Champaign, IL between September 1985 and
 
September 1987 (Sweet et aI., 1990).
 
2Elements indicated as a contaminant of Crab Orchard sites.
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An examination of the particulate data shows trends typical for other sites. The fine 
particulate is dominated by anthropogenic elements (i.e. sulfur) and the coarse particulate is 
dominated by soil-derived elements such as selenium (Figures 11 and 12). The plots also 
show a variability in concentration, with pollution excursions. Lastly, air concentrations (fine 
and coarse) are higher in the summer (29.3 flg/m3) months than in the winter (3.2 flg/m3). 
This is typical of coarse particulates (derived from resuspended soil), where snow and wet 
conditions tend to bind surface dust and restrict suspension to the air. The decrease in fine 
particulate (derived from anthropogenic sources) is more difficult to explain, as it is not an 
artifact of wind direction or detection limits. 
5.4.2. Contaminated Sites 
Air samples (for metal determinations) were also collected at the Headquarters, 
Firestation, Olin, and Landfill sites for short periods of time (2 to 4 weeks). These samples 
were collected to ascertain if these sites were a source of metal-contaminated soil to the air. 
The simplest approach is to compare average air concentrations at these sites with those of 
the background site, however the variability in metal concentrations is problematic. For 
example, samples collected at the Olin site were taken during the same period of high 
background fine particulate and sulfur concentrations (as shown in Figure 11) measured at the 
background site. Fortunately, the filters chosen for each site included overlapping dates (with 
the exception of the Landfill site). Thus, a direct comparison was possible between sites for 
samples collected on similar days -- the data base is small, 
typically comparing 4 to 8 sample sets. Table 10 presents the average concentrations for each 
of the 'other' sites, compared to background concentrations (in parenthesis). Only those 
elements listed as soil contaminants are presented. As with the average background 
concentrations (Table 9) there does not appear to be substantial differences between sites and 
as compared to the background site. An exception may be Fe, however this metal is also 
associated with Al and Si concentrations which are soil derived. This association does not 
suggest a contaminated source of Fe, rather it suggests that the soils at the other sites are 
more easily suspended than soils in the vicinity of the background site. 
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Table 10. Inter-site Comparison of Average Metal Concentrations (values are in ng/m3) 
Ele. Headquarters 
Site 
Firestation Site Olin Site Landfill Site 
Fine Coarse Fine Coarse Fine Coarse Fine Coars 
e 
As b.d. 
(0.5) 
b.d. 
(1.9) 
0.4 
(0.7) 
b.d. 
(0.3) 
0.8 
(0.8) 
b.d. 
(b.d.) 
1.3 0.3 
Cd b.d. 
(3.1) 
b.d. 
(3.5) 
b.d. 
(b.d.) 
b.d. 
(b.d.) 
b.d. 
(b.d.) 
b.d. 
(3.1) 
b.d. b.d. 
Cr 1.5 
(0.9) 
1.4 
(1.6) 
b.d. 
(0.4) 
0.5 
(0.5) 
b.d. 
(0.6) 
0.6 
(0.5) 
0.4 0.4 
Cu 7.1 
(6.4) 
1.8 
(2.5) 
14 
(8.2) 
5.0 
(3.5) 
2.6 
(3.1) 
1.3 
(1.1) 
9.0 3.2 
Fe 352 
(289) 
687 
(582) 
65 
(42) 
156 
(65) 
52 
(45) 
165 
(98) 
48 110 
Mn 1.4 
(1.5) 
4.8 
(4.4) 
1.1 
(0.8) 
2.6 
(0.8) 
1.7 
(1.3) 
2.8 
(1.5) 
0.9 2.3 
Pb 7.5 
(7.0) 
2.0 
(2.0) 
4.6 
(4.5) 
1.3 
(2.6) 
15 
(15) 
1.9 
(2.6) 
4.0 1.8 
Se 1.5 
(1.6) 
0.2 
(0.2) 
1.3 
(1.1) 
b.d. 
(b.d.) 
2.4 
(2.4) 
0.04 
(0.04) 
1.1 b.d. 
Zn 12.2 
(12.4) 
6.3 
(4.7) 
8.8 
(8.3) 
3.0 
(4.3) 
23 
(24) 
5.8 
(5.7) 
7.6 2.9 
6. CONCLUSION 
Airborne PCB and metal levels were monitored at the Crab Orchard National Wildlife 
Refuge for the period May 1990 to April 1991. Background concentrations were monitored 
over the entire year, while the other sites were monitored for shorter periods. 
Background total PCB concentrations (as measured at the background site and filtered 
to remove the influence of the landfill) averaged 0.19 (0.27) ng/m3 (the parenthesis value is 
calculated based on a 80 congener total), with higher total PCB concentrations monitored 
during the summer 0.24 (0.34) ng/m3, and lower total PCB concentrations monitored in the 
winter 0.10 (0.13) ng/m3• The Olin site (PCB-contaminated surface soils) reported an average 
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total PCB concentration of 9.9 (13.9) ng/m3, while the adjacent landfill site (PCB­
contaminated deeper soils) reported an average total PCB concentration of 611 (856) ng/m3• 
Within each site total PCB concentrations increased with higher air temperatures. PCB 
congener-specific determinations revealed a unique PCB signature for air over the landfill. 
This unique signature did not exist in air samples collected at the Olin site, suggesting a more 
complete weathering process for the surface contamination. The Landfill signature confirmed 
that air samples collected at the background site were, from time-to-time (due to northwest 
winds), impacted by the PCB-contaminated landfill. 
The geographic extent of the landfill's influence on air quality is unknown beyond that 
of the background site, however, the decrease in air concentrations between the landfill and 
background sites suggests that the dilution of PCBs in the air is rapid. The average 
background concentrations are well below all occupational standards and ambient air 
guidelines, as well as the Province of Ontario's 24-hour boundary air quality guidelines 
(acceptable levels outside the fenced area of concern). PCB concentrations measured over the 
Olin and landfill site exceed the most stringent state ambient air level (Massachusetts - 8.8 
nglL) and approach the NIOSH occupational standard (1,000 nglL) and CAPCOA noncancer 
chronic exposure levels. The PCB concentrations monitored at the background station 
(including those samples to which winds passed over the landfill) show acceptable lifetime 
(70-year) inhalation cancer risks (3 to 6 x 10-7). Calculated inhalation risks for air over the 
Olin and landfill sites are considerably greater 
(2 x 10-5 to 1 X 10-3, respectively). These calculations need to be carefully interpreted as both 
"hot spots II are fenced off and are not made assessable to the general public. 
The air concentration of particulates and 18 metals, including many identified as soil 
contaminates, provide no indication of a local source of contamination. Particulate 
concentrations (fine and coarse) were highest in the summer 29.3 Ilg/m3, and lowest in the 
winter 3.2 Ilg/m3. Spatial and temporal variability of particulate and metal concentrations 
could be attributed to changes in air masses, site exposure, and condition of the soil -- typical 
of a rural site in Illinois. 
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Table AI. Points for Multi-level Calibration Curves in PCB Analyses (values are in ng/mL) 
Congener Level 
1 2 3 4 5 
5+8 0.1 0.2 1.0 2.0 20.0 
18 0.1 0.2 1.0 2.0 20.0 
16+32 1.0 2.0 10.0 20.0 200.0 
28+31 1.0 2.0 10.0 20.0 200.0 
22 0.5 1.0 5.0 10.0 100.0 
52 0.75 1.5 7.5 15.0 150.0 
49 0.5 1.0 5.0 10.0 100.0 
65 1.0 2.0 10.0 20.0 200.0 
44 0.375 0.75 3.75 7.5 75.0 
74 0.25 0.5 2.5 5.0 50.0 
70+76 0.75 1.5 7.5 15.0 150.0 
91 0.1 0.2 1.0 2.0 20.0 
56+60 0.25 0.5 2.5 5.0 50.0 
92 0.25 0.5 2.5 5.0 50.0 
84 0.25 0.5 2.5 5.0 50.0 
101 0.5 1.0 5.0 10.0 100.0 
97 0.25 0.5 2.5 5.0 50.0 
87 0.25 0.5 2.5 5.0 50.0 
110 0.5 1.0 5.0 10.0 100.0 
153 0.125 0.25 1.25 2.5 25.0 
132 0.125 0.25 1.25 2.5 25.0 
105 0.125 0.25 1.25 2.5 25.0 
138+163 0.25 0.5 2.5 5.0 50.0 
129+178 0.1 0.2 1.0 2.0 20.0 
166 1.0 2.0 10.0 20.0 200.0 
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Table A2. Congener Specific PCB Blank Values (ng/mL) 
PCB Blanks Travel Blanks Field Blanks 
Congeners (N=5) (N=2) 
24 Hour 6 Day 
5+8 0.565-1.55 0.735-125 0.367 0.829 
18 <0.200-<1.00 0.309-377 0.391 0826 
16+32 <0100 <0100 <0100 <0100 
28+31 <0100 
(l96)1 
<0100-2.70 <0.100 <0.100 
22 <0.500 <0500 <0500 <0500 
52 <0.750 
(I 83) 
<0750 <0750 <0.750 
49 <0.500 <0500 <0.500 <0.500 
44 <0.375-250 
(11.6) 
<0.375-0910 <0375 <0375 
74 <0250-0871 <0.250 <0250 <0250 
70+76 <0.750-348 <0750 <0750 <0.750 
91 <0100 
(0.211) 
<0.100 <0100 <0100 
56+60 <0250 <0250 <0250 <0.250 
92 <0250 <0250 <0.250 <0250 
84 <0250 <0250-194 <0250 <0250 
101 <0.500 
(127) 
<0500-108 <0500 <0500 
97 <0250-0304 
(159) 
<0250 <0250 <0.250 
87 <0250-2.28 
(938) 
<0250 <0250 <0.250 
110 <0500 
(1.81) 
<0.500 <0500 <0.500 
153 <0.125-0296 <0 125-0.275 <0.125 <0.125 
132 <0125 <0125-0181 <0.125 <0125 
105 <0.125-<0 250 <0125 <0125 <0.125 
138+163 <0250 <0250 <0250 <0250 
129+178 <0.100 <0100 <0100 <0100 
loutlier concentration (single occurrence) 
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Table A3. Congener Specific PCB Replicate and Comparative Analysis 
PCB Congeners Relative Percent Difference l 
Replicate 
(percent) 
Comparison 
(percent) 
5+8 n.a. 6.0 
18 28.2 2.0 
16+32 n.a. 55.0 
28+31 n.a. -10.0 
22 34.2 -4.0 
52 11.1 2.0 
49 13.6 n.a. 
44 23.8 0.0 
74 22.3 -1.0 
70+76 n.a. 9.0 
91 78.7 -59.0 
56+60 n.a. -17.0 
92 31.3 -14.0 
84 102.0 n.a. 
101 32.8 n.a. 
97 22.7 -25.0 
87 18.5 -25.0 
110 21.4 -12.0 
153 20.6 43.0 
132 32.6 n.a. 
105 17.0 n.a. 
138+163 n.a. n.a. 
129+178 n.a. n.a. 
l(X1-X2)/[(Xl+X2)12] *100. RPD is calculated when original 
value for both comparative data sets are greater than the 
detection limit. 
n.a. not available 
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Table A4. Metal Field Blanks (/lg/filter) 
Elements Filter Blank (N=5) Field Blank 
(N=8) 
Silicon <0.050 - 0.490 <0.050 - 0.230 
Sulfur <0.053 <0.053 -0.110 
Chlorine <0.028 <0.028 
Calcium <0.009 <0.009 - 0.057 
Vanadium <0.006 <0.006 
Chromium <0.005 0.005 
Manganese <0.009 <0.009 
Iron 0.065 - 0.097 <0.009 - 0.548 
Nickel <0.005 ~ 0.006 <0.005 - 0.007 
Copper 0.005 - 0.030 <0.005 - 0.022 
Zinc 0.007 - 0.011 <0.005 - 0.013 
Arsenic <0.005 - 0.007 <0.005 
As (INAA) <0.0002 n.a. 
Selenium <0.006 <0.006 
Cadmium <0.063 <0.063 
Cd (INAA) <0.002 n.a. 
Mercury <0.01 <0.01 
Lead <0.018 <0.018 - 0.019 
n.a. not available 
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Table AS. Metal Replicate Analysis and Reanalysis 
Elements Relative Percent Differencel 
Replicates (N=7) Reanalysis (N::::6) 
Silicon -5.9 to 11.4 -27.0 to 39.7 
Sulfur -4.3 to 5.8 -7.3 to 8.1 
Potassium -4.5 to 2.2 -1.5 to 14.3 
Calcium -1.7 to 5.7 -36.1 to 32.6 
Vanadium 5.8 -23.5 to 33.3 
Chromium -40.0 to 25.0 -6.1 to 20.0 
Manganese -3.6 to 19.4 -14.3 to -1.2 
Iron -5.2 to 4.2 4.2 to 32.7 
Nickel -8.1 to 42.1 -22.2 
Copper -18.2 to 11.1 -32.3 to 47.1 
Zinc -3.4 to 9.3 -12.1 to 19.5 
Arsenic n.a. 24.0 to 30.8 
Selenium -34.5 to -22.6 -7.4 to 37.8 
Bromine -20.5 to 4.3 7.4 to 74.3 
Cadmium n.a. n.a. 
Mercury n.a. n.a. 
Lead -22.3 to 77.3 17.3 to 25.3 
l(XI-X2)/[(Xl+X2)/2l*100. RPD is calculated when original 
value for both comparative data sets are greater than the 
detection limit. 
n.a. not available 
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Total PCBs represent a group of PCB congeners, of which there are 209. PCB 
congeners are distinguished by the number and position of chlorine atoms, which in turn 
affects the toxicity and chemical behavior of each congener. Total PCBs are a construct, 
usually calculated as the sum of a representative number of congeners. The 'total' is thus 
biased by the number and choice of congeners. Congeners may be removed or not considered 
in the final total due to interferences and in consideration of cost. For the purposes of this 
study, 30 congeners were determined with the total PCB concentration calculated as the sum 
of these 30 congeners. The IADN laboratory traditionally determines 80 congeners, thus their 
total PCB number is a summation of 80 congeners. 
To provide a more complete measure of total concentrations a subset of eight Crab 
Orchard samples was analyzed by the IADN laboratory for 80 PCBs. Total PCBs were 
calculated both as the sum of 30 congeners (as targeted in this study) and as a sum of the 80 
congeners targeted by the IADN laboratory (Table B 1). A ratio of the two summations shows 
that the '30 congener' total consistently accounts for about 60% of the '80 congener' total. 
Thus, for this report total PCBs are reported as the sum of 30 congeners but are augmented 
by the sum of the 80 congeners as calculated by an adjustment factor of 1.4 (in parenthesis). 
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Table B 1. Comparison of 'Total PCB' Calculations 
30 Congener Total 
(ng/m3) 
80 Congener Total 
(ng/m3) 
Ratio 
(30/80) 
0.31 0.47 0.66 
0.16 0.26 0.60 
0.22 0.35 0.61 
0.11 0.16 0.68 
0.06 0.13 0.51 
0.08 0.12 0.64 
0.15 0.22 0.68 
83.2 130 0.64 
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APPENDIX C
 
PCB and Metal Determinations for Individual Samples
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Table C1. PCB Congener-Specific Detetminations (values are in ng/m3) 
Sample Volume 
(m3) 
5+8 18 16+32 28+31 22 52 
CaWT062890 852 0.0618 0.0347 0.0697 0.0143 0.0221 
CaWT071290 815 0.0363 0.0154 0.0348 0.0089 0.0163 
CaWT073190 815 0.0485 0.0257 0.0503 0.0128 0.0225 
CaWT080290 883 n.d. 0.0348 0.0056 0.0256 0.0048 0.0237 
caWT082190 839 0.0143 0.0315 0.0165 0.0671 0.0129 0.0622 
CaWT082290 815 0.0248 0.0361 0.0271 0.1323 0.0220 0.0761 
caWT090790 876 0.0126 0.0301 0.0168 0.0549 0.0111 0.0517 
COWT090890 846 0.0075 0.0366 0.0134 0.0719 0.0187 0.0690 
COWT121290 1620 0.0037 0.0151 0.0060 0.0198 0.0026 0.0130 
CaWT012591 815 0.0034 0.0162 0.0007 0.0109 0.0008 0.0085 
CaWT022091 1441 0.0093 0.0029 0.0128 0.0015 0.0456 
CaWT031491 835 0.0045 0.0185 0.0006 0.0215 0.0018 0.0164 
CaWT040691 832 0.0057 0.0145 0.0015 0.0382 0.0075 0.0268 
CaWT050291 917 0.0061 0.0215 0.0026 0.0404 0.0075 0.0358 
COFS073190 815 0.0123 0.0243 0.0115 0.0664 0.0133 0.0385 
CaLF090790 815 1.27 11.58 26.60 104.50 17.86 116.16 
COLF090890 815 0.95 10.44 25.89 103.28 22.29 96.07 
CaLF100490 625 0.20 3.41 8.98 49.27 9.16 75.15 
CaaL080290 584 0.19 0.59 0.99 3.36 0.57 3.05 
COOL080690 818 0.04 0.17 0.26 0.94 0.17 0.48 
CaaL080790 778 0.07 0.25 0.32 1.72 0.21 1.22 
caaL082190 815 0.16 0.52 0.30 2.12 0.25 1.05 
CaaL082290 815 0.25 0.74 0.57 2.76 0.57 1.61 
Blank Cells = below detection or interferences 
48
 
Table Cl...continued 
Sample 49 44 74 70+76 91 56+60 92 
COWT062890 0.0336 0.0064 0.0186 0.0059 0.0174 0.0061 
COWT071290 0.0065 0.0128 0.0032 0.0066 
COWT073190 0.0042 0.0141 0.0039 0.0092 0.0056 
COWT080290 0.0141 0.0083 0.0017 0.0042 0.0012 0.0015 0.0017 
COWT082190 0.0230 0.0277 0.0088 0.0199 0.0069 0.0084 0.0084 
COWT082290 0.1270 0.0406 0.0112 0.0231 0.0054 0.0123 0.0084 
COWT090790 0.0182 0.0235 0.0074 0.0196 0.0056 0.0078 0.0074 
COWT090890 0.0257 0.0384 0.0231 0.0600 0.0102 0.0260 0.0162 
COWT121290 0.0064 0.0144 0.0015 0.0039 0.0010 0.0018 0.0018 
COWT012591 0.0032 0.0090 0.0002 0.0005 0.0004 0.0010 0.0002 
COWT022091 n.d. 0.0038 0.0008 0.0027 0.0004 0.0016 0.0006 
COWT031491 0.0063 0.0123 0.0015 0.0028 0.0013 0.0016 0.0010 
COWT040691 0.0113 0.0137 0.0040 0.0100 0.0019 0.0047 0.0033 
COWT050291 0.0139 0.0128 0.0041 0.0105 0.0018 0.0040 0.0031 
COFS073190 0.0197 0.0272 0.0044 0.0087 0.0018 0.0030 0.0036 
COLF090790 45.04 47.81 19.24 50.18 13.95 17.11 17.15 
COLF090890 43.87 46.76 17.93 44.35 12.81 15.05 16.14 
COLFI00490 24.14 25.18 10.65 2.93 8.46 8.78 8.61 
COOL080290 1.16 1.13 0.41 1.00 0.24 0.39 0.29 
COOL080690 0.23 0.21 0.10 0.20 0.04 0.10 0.05 
COOL080790 0.38 0.33 0.16 0.36 0.08 0.15 0.10 
COOL082190 0.47 0.51 0.25 0.43 0.08 0.24 0.94 
COOL082290 0.70 0.81 0.32 0.72 0.15 0.34 0.13 
Blank Cells = below detection or interferences 
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Table Cl...Continued 
Sample 84 101 97 87 110 153 132 
COWT062890 0.0061 0.0141 0.0063 0.0076 0.0118 0.0037 0.0037 
COWT071290 0.0066 0.0118 0.0039 0.0049 0.0097 0.0032 0.0032 
COWT073190 0.0056 0.0157 0.0051 0.0081 0.0130 0.0044 0.0044 
COWT080290 0.0165 0.0148 0.0018 0.0027 0.0075 0.0036 0.0012 
COWT082190 0.0542 0.0541 0.0099 0.0142 0.0304 0.0121 0.0058 
COWT082290 0.0620 0.0556 0.0089 0.0115 0.0253 0.0091 0.0049 
COWT090790 0.0333 0.0456 0.0126 0.0164 0.0401 0.0178 0.0077 
COWT090890 0.0495 0.0963 0.0316 0.0585 0.0965 0.0285 0.0122 
COWT121290 0.0210 0.0175 0.0021 0.0032 0.0081 0.0042 0.0015 
COWT012591 0.0094 0.0079 0.0006 0.0007 0.0030 0.0043 0.0009 
COWT022091 0.0006 0.0024 0.0006 0.0011 0.0020 0.0008 0.0008 
COWT031491 0.0165 0.0157 0.0024 0.0029 0.0071 0.0043 0.0007 
COWT040691 0.0258 0.0281 0.0045 0.0061 0.0147 0.0090 0.0034 
COWT050291 0.0154 0.0265 0.0046 0.0060 0.0155 0.0100 0.0024 
CFS073190 0.0435 0.0384 0.0026 0.0042 0.0114 0.0185 0.0051 
COLF090790 19.48 75.86 23.94 30.94 69.14 16.24 10.19 
COLF090890 17.84 64.05 21.14 26.13 58.28 11.56 8.49 
COLF100490 7.47 46.88 12.19 18.07 37.93 8.76 4.44 
COOL080290 0.26 1.45 0.38 0.52 1.13 0.30 0.12 
COOL080690 0.07 0.23 0.06 0.09 0.17 0.05 0.02 
COOL080790 0.11 0.46 0.13 0.17 0.33 0.10 0.04 
COOL082190 0.14 0.63 0.13 0.25 0.52 0.05 0.06 
COOL082290 0.30 0.87 0.23 0.33 0.70 0.18 0.07 
Blank Cells = below detection or interferences 
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Table Cl...Concluded 
SAMPLE 105 138+163 129+178 TOTAL 65 
recovery 
(%) 
166 
recovery 
(%) 
COWT062890 0.0037 0.0080 0.0060 0.3620 93 121 
COWT071290 0.0032 0.0041 0.1913 61 111 
COWT073190 0.0044 0.0078 0.2644 63 118 
COWT080290 0.0009 0.0023 0.0032 0.1817 83 41 
COWT082190 0.0045 0.0126 0.0010 0.5065 95 81 
COWT082290 0.0024 0.0078 0.0011 0.7350 142 70 
COWT090790 0.0110 0.0227 0.0050 0.4791 88 57 
COWT090890 0.0205 0.0331 0.0086 0.8520 116 78 
COWT121290 0.0012 0.0034 0.0001 0.1531 126 107 
COWT012591 0.0008 0.0003 0.0001 0.0816 99 89 
COWT022091 0.0008 0.0019 0.0020 0.0540 61 97 
COWT031491 0.0012 0.0031 0.0001 0.1435 152 117 
COWT040691 0.0024 0.0079 0.0020 0.2467 124 112 
COWT050291 0.0020 0.0072 0.0004 0.2542 91 88 
COFS073190 0.0007 0.0110 0.0011 0.3711 144 101 
COLF090790 10.63 17.92 1.68 764.41 71 76 
COLF090890 7.97 12.67 1.39 685.36 76 74 
COLFI00490 4.47 8.21 0.72 384.08 80 87 
COOL080290 0.12 0.27 0.02 17.94 99 92 
COOL080690 0.02 0.04 0.005 3.74 101 96 
COOL080790 0.04 0.10 0.009 6.84 90 94 
COOL082190 0.05 0.10 0.01 8.41 92 96 
COOL082290 0.07 0.14 0.01 12.57 86 80 
Blank Cells = below detection or interferences 
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Fine Particle Fraction « 2 5 um) 
Code Date Mass AI 51 S K Ca Tl V Cr Mn 
(ug/mJ) (ug/mJ) (ug/m3) (og/mJ) (ug/m3) (ug/mJ) (ug/m3) (ug/m3) (og/mJ) (og/m3) 
COWT45F 06/17/90 32.93 0.013459 0.060958 5&««3 0304325 0.038619 0.008741 0000786 0000416 0000601 
COWT46F 06/18/90 1096125 0020859 0064796 1450354 0154336 0.G46111 000333 0.000786 0000694 0000786 
COWT41F 06/19/90 16.835 0.016003 0.08029 2.814636 0.113266 0070994 0.00401 0.00037 0000601 0.001943 
COWT48F 06J2Q/90 12.99625 0016789 0057443 2.02353 0.109963 0029323 0.006429 0.000879 
COWT77F 07/08/90 1924 0.605089 1.505854 1.654224 0.184908 0.183474 0.062068 0002544 0.000601 0001203 
C0WT78F 07/09/90 1854625 0.912651 2.26403 0.996225 0.250074 0.309875 0.090558 000296 0001758 0002266 
C0WT79F 07/10/90 25.57625 0819735 2.03907 2.464801 0257104 0.301966 0.076729 0.002914 0.001249 0002775 
COWT80F 07/11/90 16.835 0.149249 0.385633 2.317495 0.076914 0063131 0.014708 0.000925 000037 0001203 
COWT92F 07/14/90 115625 0.01036 2.389599 0.028629 0.024559 0.001249 0000601 0000324 
COWT95F 07/H/90 22 06125 0.028259 3.564395 0.055685 0.026455 0.002313 0.00074 
COWT96F 07/18/90 245125 0.014061 0.050413 4130264 0.057535 0.0400S3 0.003978 0000231 0001018 
COWT97F 07/19/90 20 95125 0.022894 0.08621 3.791483 0049673 0.032283 0.004209 0.000324 0000416 0000833 
COWT98F 07/20/90 1308875 0065814 0.187544 1874929 0.0S698 0042041 0.00814 0000324 0000601 
COWT101 07/23/90 633625 0.011655 095016 0017436 0014615 0.001665 
COWT102 07/24/90 9.7125 0005319 0.014338 1381904 0.018269 0.012858 0.00111 
COWT103 07/25/90 22015 001147 0.015124 4375389 0.027796 0.020766 0.001665 0.000694 
COWT125 08/05/90 12.3025 0.020419 1952213 0037606 0013857 0001314 0.000731 
COWT129 08/09/90 30 2475 0009389 0.022293 5.472578 0.037648 0.025253 0003423 0.000555 000148 
COWTl30 08/10/90 51 19875 0004856 0.024929 8.52998 0.036121 0.043568 0.004301 0000833 000148 
COWf131 08/11/90 4403 001776 0073214 6.751621 004403 0.042041 0003191 0.000231 0.000601 0001434 
COWT132 08/12/90 25.48375 0.014338 0.048794 4477046 0.055916 0.029045 0002729 0000463 0000833 
COWT156 09/01/90 938875 0009555 0077515 1.443 0.02393 0019781 0002169 0000273 0000458 
COWT220 12/17/90 1.71125 0160904 O.ot5905 0.004639 0.000611 0000338 
COWf223 12/20/90 45325 0006105 0052818 0.550375 0.02677 0028939 0.002017 0.000518 0000671 
COWT225 12/25/90 2.17375 0009953 004014 0.218346 0012788 0.00919 0.001586 0000338 
COWT232 01/10/91 3145 0.42217 0.011632 0.003848 
COWT233 01/11/91 21275 0.219734 0009523 0003298 
COWT234 01/12/91 235875 0320836 0007294 0.002502 
COWT238 01/16/91 26825 0017797 0329069 0.Q14684 0.00635 0001253 
COWT250 01/30/91 259 0026159 0.428553 0016729 0017459 0001008 0000305 0000245 0000338 
COWT253 02/02/91 41625 0026742 0.116226 0.313806 0.02683 0050505 0002269 0000245 0000518 
COWT257 02/06/91 1295 0.012788 0.13394 0005707 0.004061 0.000396 0000213 0000273 
COWT256 02/07/91 0.13875 0.004394 
COWT259 02/08/91 023125 0010624 
COWT265 02/26/91 3.65375 0018102 0066646 0370278 0023995 0.046805 0001711 0000245 0000305 
COWT269 03/02/91 15725 0.013551 0.237864 0004579 0008515 
COWT271 03/04/91 333 0022894 0.103831 0.31746 0019444 0069375 0001771 0.000213 0000305 0000398 
COWT279 03/19/91 4.9025 0.008334 0.00055 
COWT285 03/25/91 63825 0009278 0.007234 0000796 0000245 
COWT291 04/06/91 0.87875 0.003816 002097 0000671 
COFS108 07/18/90 26455 0036399 0.116826 4675505 0073769 0.053604 0.005874 000111 
COFS109 07/19/90 22.2 0072011 0.237864 4.022363 0.061975 0.060726 0008926 000074 
COFS110 07/20/90 11 05375 0101288 0296046 149147 0.058414 0.0592 0.011193 0001388 
COFS112 07/24/90 10915 0.027981 1.492858 0.024605 0038526 0002081 
COFS114 07/31/90 1086875 0.013505 0.059154 1.171836 0051569 0055731 0002128 0001573 
COOl140 08/09/90 265825 0.01406 0054483 5.406486 0038249 0.11396 000333 0001573 
COOL141 08/10/90 52.8175 0017621 0054529 8717801 0.039729 0.067063 0.00481 000222 
COOL142 08/11/90 4426125 002775 0.104155 7.937055 0.059108 0078671 0004903 0001619 
C00L143 08/12/90 24.1425 0022848 0.078533 4321739 0058044 0.044308 0.003978 0001573 
C00L144 08/17/90 248825 0020628 0.072058 3593949 0087736 0.050043 0004116 0001018 
COOL150 08/25/90 4500125 0.009666 9.022589 0046019 0059108 0006059 0.000509 
COHQ14F 06/12/90 14245 0018315 0199846 2.134021 0039405 0054113 0.004903 0000601 0.002035 
COHQ15F 06/13/90 265475 0031496 0120759 3844254 0166685 0052216 000444 0000925 0001619 
COHQ16F 06/14/90 12.4875 0017991 0060541 1756853 0.130656 0.027334 0003099 000074 0.000601 
COHQ59F 06/15/90 2048875 0020211 0061975 3.659023 0.0333 0.030294 0002914 0000509 
COHQ60F 06/16/90 41995 0.095183 8.644449 0.03838a 0033161 0.004348 0.000971 
COHQ61 F 06/17/90 283975 0.018269 0082186 5.054986 0.265244 0.040746 0.00481 000074 0000509 
COHQ62F 06/18/90 1059125 0017621 0.082834 1301521 0128575 0048008 0002914 0.00074 0000555 
COHQ63F 06/19/90 1554 002849 0.111139 2.531031 0.119556 0.079319 0.003746 0000925 
COHQ68F 07/02/90 1919375 0.031726 0077685 3.193516 0089076 0.077099 0004394 
COHQ69F 07/03/90 34 73375 0043059 0156371 6364046 0.095645 0.093795 0006845 0.00074 000111 
COHQ70F 07/04/90 33115 0124135 036704 5.398578 0.213166 0103924 0015950 0.000925 000148 
COHQB5F 07/08/90 1965625 0.7B2596 1912946 18432.48 024605 0262746 0078671 0.002914 000148 0002544 
COHQ86F 07/09/90 21 1825 122137 3015916 089873 0.314593 0.436785 0.112156 0003006 0001665 0001896 
COHQ87F 07/10/90 24.18875 0905251 2.286831 2042955 0.267788 0386373 0084314 0003423 0.001341 0002174 
COLF167 09/01/90 276575 0.073168 526325 0042582 0037606 0003418 0.000365 0000823 
COLF169 09/07/90 1447625 0,005647 0.087783 2.387688 0.041454 0050598 0.003173 0.000365 0.000916 
COLF170 09/08/90 1258 0042157 2341175 0031714 0031228 0.001647 0001711 0.000305 0.000305 
COlF196 10/04/90 50875 0031136 0165159 0562863 0052618 0009236 0.002289 0.00055 0000796 
COLF197 10/05/90 6475 0046944 017353 0679413 0046933 0032296 000296 0000365 0000398 0001466 
Blank Cells = Determinations Below Detection 
Fine Particle Fraction « 2.5 urn) 
Code Date Fe Ni Cu Zn As Se Br Cd Pb 
(ug/mJ) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (uglm3) (ug/m3) (uglm3) (ug/m3) 
COWT45F 06/17/90 0036815 0000555 0.001203 0.010545 0.000509 0.002128 0.004486 0.003423 
COWT46F 06/18190 0051476 0000925 0.003561 0.029878 0.000324 0.001295 0.001573 0.00296 0017991 
COWT47F 06/19/90 0.05032 0.000278 0.00962 0013043 000037 0002683 000148 0008418 
COWT48F 06/20/90 002849 0009944 0.007215 0000833 00011 1 0004209 
C0WT77F 07/08/90 0.494644 0.009898 0.005273 0.001018 0.001295 0.002914 0.004579 
C0WT78F 07/09/90 0.71632 0.00074 0007169 0001064 0.000601 0.000694 0003284 0.003654 
C0WT79F 07/10/90 0639545 0.001018 001036 0000324 0001573 000148 0.005411 
COWT80F 07/11/90 0.13579 0000416 0000833 0009158 0.001619 0001943 0006891 
COWT92F 07/14/90 0.021876 0.000278 0002914 001147 0.000463 0.000925 0012441 
COWT95F 07/17/90 0.025669 0000833 0.015216 0000879 0001434 0.001665 000444 
COWT96F 07/18/90 0033069 0018639 0.010545 0001619 0001665 0.005643 
COWT97F 07/19/90 0043521 0011563 0007955 0.00111 0001665 0004394 
COWT98F 07/20190 0.072335 0000416 0.001295 0.007585 0.001018 0.001896 0.003654 
COWT101 07/23/90 0.01332 0.00148 0008834 000037 0.001018 0.000694 001073 
COWT102 07/24/90 0.017991 0000324 0001388 000703 0.000694 0.001018 0.00111 0.004116 
COWT103 07/25/90 0.01961 0000231 0001064 0017668 0000601 0.001711 0.001018 0013598 
COWT125 08/OS/90 0.025673 0.001771 0009037 0.000948 0.001314 0.000458 0003238 
COWTl29 08/09/90 0040006 0000324 0.002914 001406 0000694 0001989 0001665 0006891 
COWTl30 08/10/90 0057951 0005781 0.046296 0.000694 0003191 0.003145 0030433 
COWT131 08/11/90 0050413 0000416 000222 0022894 0000971 0002544 0002266 0015355 
COWT132 08/12/90 0.033161 0001295 0013505 0000648 0.002035 0002359 0005874 
COWT156 09/01/90 0043924 0016058 0.003325 0001008 0000338 
COWT220 12/17/90 0006928 0001586 0002502 
COWT223 12/20/90 0036417 0005555 0002627 0006868 0.00055 0000856 0000948 00029 
COWT225 12/25/90 0014532 0000365 0.001952 0000763 0000305 
COWT232 01/10/91 0004181 0000948 0.002535 0002044 
COWT233 01/11/91 0001984 0000398 0000976 0001559 0000305 0001586 
COWT234 01/12/91 0004699 0000916 0.002169 0002322 
COWT238 01/16/91 0.014439 0.000883 0.002932 000055 0.000671 000241 
COWT250 01/30/91 0.013186 0.001161 0.004334 0.000518 0000338 0002137 
COWT253 02/02191 0.056148 0001559 0.004824 0001466 0.00345 
COWT257 02/06/91 0.004977 0000273 0000796 0.002077 
COWT258 02/07/91 0.006655 
COWT259 02/08/91 0.000578 0000245 
COWT265 02/26/91 0033975 0.000338 0.002992 0000426 0.000426 0000398 0003085 
COWT269 03/02/91 0.004213 0000763 0001647 
COWT271 03/04/91 0026617 0.000611 0004213 000055 0.00296 
COWT279 03/19/91 0.002289 0.000671 
COWT285 03/25/91 0.003205 0.000273 
COWT291 04/06/91 0001314 0000305 
COFS108 07/18/90 0.055963 0026398 0012904 0.001804 0002035 0006383 
COFS109 07/19/90 0.080845 0024975 0.008556 0.00037 0.001295 0.001804 0004163 
COFS110 07/20/90 0096015 0.000879 0005596 0.00111 0001203 0002914 
COFS112 07/24/90 0.028213 0001943 0008001 0001018 0000925 0005041 
COFS114 07/31/90 0071595 0.000925 0043845 002516 0.000971 000148 0014245 
COOL140 08/09/90 0.04773 0001434 0.012534 0.002128 0.001711 0006521 
COOL141 08/10/90 0061836 0005781 0046065 0000786 0.003191 0002451 0030849 
C00L142 08/11/90 0.057905 0.001619 0.021321 0002544 0002081 001628 
COOL143 08/12/90 0041903 0001388 0012441 0001804 0001989 0005365 
COOL144 08/17/90 0053326 0002266 0014476 0001665 0.001619 0004116 0006938 
COOL150 08/25/90 0.056425 0001526 0.014153 0001573 0002868 0002405 0007585 
COHQ14F 06/12/90 0050921 0.000555 0011794 0001156 0001804 0007863 
COHQ15F 06/13/90 0046851 0000509 0000879 0011239 0.001434 0002914 0004625 
COHQ16F 06/14/90 0024559 0002359 0.012071 0000694 0.001619 000444 
COHQ59F 06/15/90 0046574 0006244 001184 0002128 0001064 0008603 
COHQ6QF 06/16/90 0045556 0.001295 0.012349 0003191 0.002683 0006151 
COHQ61F 06/17/90 0037046 0000601 00074 0002035 0004625 0.003608 
COHQ62F 06/18/90 0.034086 0002821 0.02775 0001156 0001758 0017436 
COHQ63F 06/19/90 0046111 001221 0.010453 000222 0001943 0009898 
COHQ68F 07/02/90 004514 000111 0.007215 0001943 0001943 0.00333 
COHQ69F 07/03/90 0079088 0000694 0.001573 0013763 0003099 0003839 0.006151 
COHQ70F 07/04190 0128945 0.001619 0011886 000185 0003238 0005226 
COHQ85F 07/08/90 0632145 0001665 0.005966 0.001156 0.001388 0004255 
COHQ86F 07/09/90 0932261 0.002544 00074 0000694 0000971 000481 
COHQ87F 07/10/90 0726726 0001943 0013644 0001203 0001526 0.006244 
COLF167F 09/01/90 0.090373 0000703 0004366 0008852 0002229 0001434 0001008 0003053 
COLF169F 09/07/90 0.049765 0000426 0013644 0.00635 0001406 0.001586 0004089 
COlF170F 09/08/90 0018653 001209 0006961 0.001281 0000763 0.003876 
COlF196F 10/04/90 0034068 0011415 0.00647 0000365 0000398 0004579 
COLF197F 10/05/90 0.045237 0004181 0016484 0.000338 0000948 0.001129 0004519 
Blank Cells ::= Determinations Below Detection 
Coarse Particle Fraction (2.5 to 10 urn) 
Code Dale Mass AI Sl S K Ca n V Cr Mn 
(ug/rnJ) (ug/rnJ) (ug/rnJ) (ug/rnJ) (ug/rnJ) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) 
COWT46C 06/16/90 9497083 0.120516 0666954 0.095063 0.112205 0.42368 0015587 0.00039 0003214 
COWT47C 06/19/90 13.165 0.231623 1.09808S 0.051989 0.157234 098209 0.025263 0.000338 0000607 0004974 
cowr46C 06120/90 8.670417 0089795 0.492683 008722 0.103226 0.162886 0.014113 0.000208 0002705 
cowrnc 07/08/90 23.76 1507245 3.984063 013986 0.359593 064986 0.130974 0002415 0001982 0004756 
C0WT78C 07/09/90 33 66208 2.21764 5.669428 0.141192 04n843 1257667 0.164464 0002582 0002409 0003464 
COWT79C 07/10/90 2996542 196739 5525638 0.165115 0.447646 1242409 0.151896 000242 0002168 0.009058 
COWT80C 07/11{90 10915 0342918 1 162743 0.222838 0.135211 0355369 0030834 0000408 0000547 0005089 
COWT92C 07/14/90 5479167 0011708 0.12789 0.436651 005283 0.266191 000396 0000635 
COWT95C 07/17/90 2.397083 0039458 0.22445 0.13573 0.025732 0.11042 0004813 000051 
COWTOOC 07/18/90 4445833 0097005 0364671 0185695 0.051757 0.144406 0010564 0001 0001149 
COWT97C 07/19/90 2090417 0.06969 0253746 0051018 0.035828 0085718 0.006833 0000176 0.000417 0000376 
COWT98C 07/20/00 2.452917 0122653 0.412956 0.05278 0.051228 0.093959 0.011693 0.00026 0000333 0001274 
COWT101 07/23/00 1080417 0.043053 0.030257 0.018314 0.038218 0001418 000025 
COWT102 07/24/90 1.9125 0008931 0062246 0.051805 0021315 0.065643 0002557 0.000208 0000375 000025 
COWT103 07/25/00 2.568333 0.026613 0.124001 0.174695 0.02687 0.101609 0004418 0000167 000025 0000306 
COWT12S 08/05/90 3.405833 0.009158 0120476 0119204 0035269 0050044 0002841 0000413 0000782 
COWT129 08/09/90 683583J 006807 0241999 0.332046 0.038936 0.173081 0008244 0000208 0000403 0001603 
COWT130 08/10/90 6.884583 0050269 0.23228 0.599687 0032754 0124474 0.007699 0000668 0001062 
COWT131 08/11/90 7386667 0.094407 0.421266 0427129 004672 0.170542 0012434 0000352 0.00044 0001941 
COWT132 08/12/90 389125 0053038 0235123 0113495 oOJ6625 0.104455 0008521 0001334 
COWTl56 09/01/90 1069583 0000735 0.107 0003349 0.005631 0000198 0000194 
COWT220 12/17/90 0705417 0002308 0000996 
COWT223 12/20/90 1 009167 0021587 0079724 0002833 0007989 0039966 0001671 0.000828 0001004 
COWT225 12/25/90 020125 0001648 0000187 
COWT232 01/10/91 0688333 0.001735 
COWT233 01/11/91 0580833 0001682 0000383 
GOWT234 01/12/91 0.599583 
COWT238 01/16/91 0.109167 0.ooon5 
COWT250 01/30/91 0243333 0000791 
GOWT253 02/02/91 0.129167 0.001457 
COWT257 02/06/91 0288333 0003104 0001439 0000194 
COWT258 02/07/91 0152917 0008771 0004102 0001842 
COWT259 02/08/91 0.14375 0002667 0.002367 0000221 
GOWT265 02/26/91 1.09625 0.000893 
COWT269 03/02/91 0260833 
COWT271 03/04/91 0.253333 
COWT279 03/19/91 0264167 00231 0092792 0577091 0018533 0.029562 0002308 0000358 0.000304 0000358 
COWT285 03/25/91 1325833 0119875 0392622 0.378783 0.05675 0111005 0006296 0000329 0.001483 
COWT291 04/06/91 174625 0003604 0012876 0224005 0012679 0013188 0000717 
COFS108 07/18/90 7711667 0121643 0543839 0300245 007594 0401813 0.015626 000189 
COFS109 07/19/90 6425 0210489 0.926761 o08B471 0.084858 0444524 0.022657 00005 0003135 
COFSll0 07/20/90 7.904583 0.176129 0713912 0.021322 0.133795 0.251633 0.019766 0.000583 0.004321 
COFSl12 07/24/90 6418333 0.045958 0.258185 0046684 0061978 052139 0006877 0001 
COFS114 07/31/90 1254792 0.325162 1 221513 0079705 0.160556 0.862519 0033706 0.002042 0008511 
COOL140 08/09/90 9209167 0108232 0.560101 0163847 0085293 1259457 0013003 0.000456 0002094 
C001141 08/10/90 8724167 0123629 0611638 038099 0.092438 0774062 0016273 0000792 0002238 
C001142 08/11/90 10.07208 0177917 0.940637 0.197153 0.103601 086537 0.019389 0000458 0.004506 
COOL143 08/12/90 5940833 0089569 0.437676 0091511 0072373 0232693 0011148 0002386 
GaOL144 08/17/90 8.534167 0082789 0530109 0253176 009543 0199416 0013884 0001733 
COOL150 08/25/90 10.70708 01135 0373417 0427700 0096315 0377643 0013983 0000458 0000366 
COHQ14C 06/12/90 763 0.198185 079482 0048687 0.098262 0.585429 0022931 0000708 0003507 
COHQ15C 06/13/90 1041083 026092 1 215033 0128038 0122315 0.504992 002806 0005631 
COHQ16C 06/14/90 4595833 00958 046075 0.049981 0046802 0130583 001111 0000468 0001774 
COHQ59G 06/15/90 813625 0111497 0573775 o 105102 0090242 0416248 001367 0.000542 000145 
COHQ60C 06/16/90 6046667 0.107208 0469443 0.327593 0066821 0320464 0014903 0001945 
COHQ61C 06/17/90 7269167 0122565 0681064 0093055 0068798 0260212 001419 0002741 
COHQ62C 06/18/90 6825417 0102212 0557125 0039604 0.080967 0367034 0012711 0.002737 
COHQ63C 06/19/90 1029333 0226843 1033528 0027552 o 115402 0878015 0.022629 0000542 0004408 
GOHQ68G 07/02/90 9472917 0.210064 0768698 0080567 0.101881 0.902401 0020148 0000458 0002667 
COH069C 07/03/90 10.18292 0274733 1 112129 0126495 0113563 0.763997 0.028947 0000635 000364 
eOHQ70C 07/04/90 1259333 0448448 1.772502 0.157297 0163709 0651701 004421 0000542 000677 
COHQ85G 07/08/90 22.13542 1399487 375622 0.098961 0303325 0624879 0.113787 0001853 0005331 
GOHQ86G 07/09/90 29.85917 1970547 5.072875 0.130395 0415824 1286215 0145802 0.00221 0003645 
eOHQ87G 07/10/90 2585292 1554707 4391877 0,140045 0376129 1087211 0.125478 0001742 0.007576 
COlF167 09/01/90 6759167 0.051708 0.356583 0423 0061947 0233148 0.007195 0.00043 0.001485 
COLF169 09/07/90 902375 0.026803 0354301 0129654 0133809 0315361 oD0634 0000329 0002713 
COLF170 09/08/90 7378333 0067614 0165367 0089691 0056947 0001654 0000272 0000766 
COlF196 10/04/90 8454167 014529 0761966 0049346 0118224 0.37868 0011627 0.000329 0000387 0.002892 
COLF197 10/05/90 7858333 0221848 0907803 0037296 0.101359 0270049 0013211 0000485 0000456 0.003484 
Blank Cells = Determinations Below Detection 
Coarse Particle Fraction (25 to 10 urn) 
Code Date Fe Ni Cu Zn As Sa Br Cd Pb 
(uglm3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (uglm3) (ugjm3) 
COWT46C 06/18/90 0.133482 0.000S22 0015664 0003467 
COWT47C 06/19/90 0.246472 0.002672 0006499 0000353 0.001874 
COWT.wC 06/20/90 010876 0.003515 0.004243 0000223 0001458 
C0WT77C 07/08/90 0985565 0003269 0.003644 0000149 0000538 0003211 o0<H046 
C0WT78C 07/09/90 1.367263 0.001343 O.()04.415 0000186 000039 0003466 
C0WT79C 07/10/90 1212872 0.002108 0.004007 0000219 0000437 0003833 0002547 
COWT80C 07/11/90 0.249418 0.000959 0004884 0000432 0001609 
COWT92C 07/14/90 0.049874 0.000878 0008405 0000367 0002934 
COWT95C 07/17/90 0.04854 0.000293 0000784 
COWT96C 07/18/90 0096181 0.008278 001233 0004108 
COWT97C 07/19/90 0057937 0003729 000192 0000292 
COWT98C 07/20/90 0086707 0.001622 000179 0001013 
COWT101 07/23/90 001518 000025 0000478 0002166 0003167 000077 
COWT102 07/24/90 0.020759 0.000404 0001178 
COWT103 07/25/90 0039307 0000394 0000436 0001208 0000861 
COWT125 08/05/90 0043539 0000275 0.003399 0002513 0000145 
COWT129 08/09/90 0.101244 0002551 0001545 0.005398 0.0024 
COWT130 08/10/90 0090215 0001417 000101 0008704 633E-05 0003125 0.003651 
COWT131 08/11/90 0130088 0001875 0001322 0005606 3.96E-05 0.003395 
COWT132 08/12/90 0070505 0001 0000663 0002912 0000835 
COWT156 09/01/90 0020839 0001075 0003025 0001513 
COWT220 12/17/90 0001818 0000165 
COWT223 12/20/90 0044141 0011166 0001556 0.002811 
COWT225 12/25/90 0000514 000055 0000597 0000273 
COWT232 01/10/91 0.000382 0000329 0.00051 
COWT233 01/11/91 000082 0.000178 
COWT234 01/12/91 000033 5.88E-06 
COWT238 01/16/91 0000296 
COWT250 01/30/91 0.002114 0.000946 
COWT253 02/02/91 
COWT257 02/06/91 0.003715 0.00025 0.000315 
COWT258 02/07/91 0001374 0000304 0000246 0000467 
COWT259 02/08/91 0022768 0000884 0.000521 
COWT265 02/26/91 
COWT269 03/02/91 000027 
COWT271 03/04/91 0.000185 
COWT279 03/19/91 0027136 0000304 0000675 0003904 0000633 0.000275 0002254 
COWT285 03/25/91 0077182 000055 0006877 0.000875 0002858 
COWT291 04/06/91 0009662 0001841 0.002092 0001429 
COFS108 07/18/90 0130954 0008644 0.003555 0.000465 0001326 
COFS109 07/19/90 0.189822 0.007983 0002235 
COFS110 07/20/90 0.15336 0001413 0.004195 
COFS112 07/24/90 0150371 0.002433 0.002165 0000325 
COFS114 07/31/90 0.448072 0014697 0.02109 0000353 0005297 
COOL140 08/09/90 0.174728 0002733 0003883 0.000895 
COOl141 08/10/90 0176539 000051 0.012435 0000299 0.003235 
COOL142 08/11/90 0205095 0000506 0.004387 396E-05 0000419 0002345 
COOL143 08/12/90 0.102431 0002434 0.000345 0001218 
C00l144 08/17/90 011609 00009 0003649 0000675 0001063 
C00L150 08/25/90 0138242 000039 0.003014 0000512 0002165 
COHQ14C 06/12/90 019437 0000612 0003706 0001846 
COHQ15C 06/13/90 0222732 0002928 0000461 0001042 
COHQ16C 06/14/90 0090816 0002391 0007012 0000256 
COHQ59C 06/15/90 0144301 0.001673 0.004702 0000395 0.000814 
COHQ60C 06/16/90 0120485 0.000538 0003443 
COHQ61C 06/17/90 0128912 0001767 0000173 0000917 
COHQ62C 06/18/90 0.110955 0012375 0002772 
COHQ63C 06/19/90 0220097 0.003915 0004423 0000238 0000308 0.001894 
COHQ68C 07/02/90 0189985 0002577 0.000391 
COHQ69C 07/03/90 0275121 0000469 0004426 0000703 0.001849 
COHQ70C 07/04/90 0352263 0000756 0004072 0.000192 0000554 000119 
COHQ85C 07/08/90 0875647 0001002 0003367 0000279 0001037 
COHQ86C 07/09/90 1211197 000304 0003767 0.000404 0002315 
COHQ87C 07/10/90 094644 0002016 0002606 0.000599 000184 
COLF167 09/01/90 0170419 0000397 0.001713 0001956 0000275 
COLF169 09/07/90 0068318 0004752 0003167 0000383 0.000776 0001274 
COLF170 09/08/90 0021085 0000221 0003723 0001648 0.000391 0001158 
COLF196 10/04/90 0133207 0003627 0002988 0000319 0003313 
COLF197 10/05/90 0154975 0002942 0002144 0004829 0001256 
Blank Cells =: Determinations Below Detection 
